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Toall whom it May concern, ; ' of amplifying frequencies withip the range
Be it known that I, Crarees S, Demaresr, utilized for transmission in one direction,
residing gt Brooklvu, in the county of By associating broperly designed filfers 56
Kings and State of New York haye invent- with the repeating. apparatus, frequencies
5 od certain Improvements ip i{epeater Ar-  transmitted In the apposite direction will be
rahgements  fop Multiplex Signa]ing, of prevented from reacting upon this one-way
which the fellowing is a Specification. repeating apparatus, so that it ig possible to -
- This invention relates o signaling sys-  directly associate the input and output cir- 60
tems and more particularly to repeating ap- cuits of the two sets of repeating apparatus
10 paratus for suel, systems, for repeating in opposite directions, with-
Ine of the majn features of the invention out using artificial lineg or balancing net-
15 the provision of & repeating apparatus works to prevent singeing,
of such’ character that the balancing equip- e The invention may now be more fully es
ment usually provided In connection with Understood from the following description,
15 two-way repeaters may be eliminated, hen read in connection with the accom.
Another feature of the invention relates panying drawing, Figures 1 and 2 of which,
to the provision of 1 repeating systen in when taken together, constituta a cireuit
which transmission in opposite directiong diagram of ope embodiment of the inven- 70
takes place at different frequencies, with tion and F igs. 1 and 3 of which, when taken
20 such an arrap rement. of the repeaters that together, constitute a circuit diagram of an-
frequencies transmitted in one direction are other embodiment of fhe invention,
amnplified by one repeater or set of repeaters Referring to Figs, 1 angd 2, ML desig-
only, while frequencies transmitted 'in the nates a transmission line terminating in cayp. 75
opposite direction are amplified by another rier apparatus, as shown ip F ig. 1. The
2 repeater or set of repeaters only, terminal carrier apparatus is of g well.
' nother feature of the invention is the known character and is not a part of the
provision of such ap arrangement of re. present invention, so that consequently it ig
Peaters that the transmission and amplifica- merely illustrated in schematic form. L, s0

tion of each range of frequencies cap be L, I, and I, desienato signaline circuits

30 regulated independently.' from which signyls may e simnltaneously
%till another feature of the invention is transmitted over the main line ML, Tl
the provision of 5 répeater arrangement for signals transmitte| over these lines may he

4 multiple frequen‘cy System of such charac. telephonic, telegraphic or- of any other 85
ter that the range of operation may be in- chax‘actex: which it is desired to transmit,
38 creased without, singeing. and the humber of signaling circuits may

hese results, as well 5 other aims of Yary as eircumstances may require. The lipe
the invention, which will be clear from the 1., is associated with » carrier transmitting
detailed description hereinafter *ppearing, circuit TL, and a carrier receiving circuit o
are realized in g system in which one or RL, through balanced transformer ar-
€0 more signals simultanem:sly transmitted in rangement 11, said circyits being reridered
one direction utilize g plurality of carrier conjugate, so that disturbances in the ope do
frequencies Iving within one range, while not affect the other, by balancing the Jine
one or wore signals simultaneously trans- L, bv-means of an artificial line or net work 95
mitted in the-oppesite ditection utifize g cop. »» Ina si_milgr Manner line L, IS associ-

# responding fHumber of “carrier freqnencies ated with circuits TL, and RL,; line L, is
lying within another range. In order to am. associated with TL, and RL, and line L, is
plity the‘oppdsitely directed transmission associated with circujtg TL, and RL,.
one-wuay fepeating apparatus “(which may 1 order to translate the signals incoming: 100
comprise a single repeater unit op separate from the lines L) L,, etc.. into carrier .cupr.

M repeater units for-ain lifying the frequen- rents, Modulators M, M, M, and M, are
cies -of different signals transmitted in the provided, each modulator being supplied by
same direction) is provided for the purpose a source of carrier curtents, the severs]
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sources being of different fre nencies. As
illustrated, the fre%uencies o% the several
modulators are 50 0, 10,000, 15,000 and
20,000 cycles respectively. These modulators
may be of any well-Known type, but are
preferably modulators of the well-known
vaguum tube type.

The filters TE, and TF,’ are also provided
in the circuit Tluy, while an amplifier TA,
is connected between said filters. These fil-
ters are preferably of the type disclosed in
the U. S. Patents to George A. Campbell,
1,227,113 and 1.227,114, dated May 22, 1917,
and are so designed as to transmit a range
of frequencies in the vicinity of the basie
carrier frequency assigned to the channel,
said range having a width sufficient to take
care of the frequency variation due to the
low frequency signals. The amplifier TA,
may be of any well-known type, but is pref-
erably a vacuu tube amplifier such as i3
well-known in the art. Similar filters and
amplifiers are provided in the eircuits TL,,
TL, and TL,, except that the range of fre-
?]ucncies transmitted by the filters in the

ifferent circuits will depend upon the basic
frequency assigned to the channel.

o receiving channel RL, includes filters
RY¥, and RF/, demodulator or detector D,
and amplifier RA,. The demodnlator or de-
tector D, may be of any well-known char-
acter, but is preferably a detector of the
vacuum tube type, employing the homodyne
method of receiving. The demodualator or
Jetector is therefore supplied with oscilla-
tions from a local source, having the same
frequency . as the basic frequency of the
modulated received oscillations. In the case
illustrated, the frequency assigmed to the
channel and therefore the frequency of the
local soure  is 25,000 cycles. Tixe filters RF,
and RF,’ are similar to the corresponding
filters of the transmitting channel, except
that the range of frequencies transmitted by
the former 1s in the neighborhood of 25,000
cycles, instead of in the neighborhood oi
5.000 cycles, while gliers RF,’ is a low pass
filter transmitting only signaling frequen-
cles. It will thus be seen that the trans
raitting and receiving channels operate at
different frequencies, so that freyuency sep-
aration as well as balance is available to
prevent inter-action of the transmitting and

receiving circults. The amplifier RA, 18
similar in all respects to the amplifier TA;,

except that it is designed for amplifying
Jow fregynencics. Similar filtering, demodi-
lating and amplifying arrangements are
rovided for the other receiving channels
2L,, Rl and RL, Basic {frequencics as-
signed to the other channels ave, however,
as llustrated, 30,000, 35000 and 40,000
cycles for the receiving channels o BRI
and RL,, mespectively. It will be observed
thet, as Mtustrated all of the frequencies

1,481,881

used for transmitting lie in a range between
3,000 and 20,000 cycles, while the ?reqnenc-ier—:
used for reception lie between 23,000 and
40,000 cycles. This provides a very coi

siderable frequency separation between cor- ¥

responding transmitting and receiving chan-
nels of the same low frequency signaling civ-
cuit.

The transmitting channels TL,, TL.. 1L,
and TL, are assocluted with a common trans-
mitting circuit T, and in a similar manner
the recelving channels RLy, Rl RL, and
RI,, ave associated with a common receiving
circuit RL.  The civeuits TL and 2. are
associated with the main Yine ML through
transformers 20 and 21, so that the trans
mission from the soveral channels may si-
multaneousty take place over the main line

Oune form of amplifying arrangement 18
illustrated in Fig. 2, in which the main line
ML is connected to the mair line section
MI/ by means of a plurality of repeaters
EA,, EA,, LA, and B\, for
transmission from west to cast, o sinilar sed
of one-way repeaters WAL WAL WA, and
WA, heing provided for amplifying trans-
missions from cast to west, Iach of these
repeaters is preferably a vacuim tube re-
peater of woell-known type, as illustrated 1n
connection with the repeaters KA, and WAL,
the remaining repeaters being merely illus.
{rated schematically. Filters are provided
in the input and output cirenits of each one-
way repeater for dotermining the frequen-
cies which will be transmitted to the te-
peater for amplification. Thus the amplifier
1A, i provided with filters EF, and EF/’
in its input and output cirenits, respectively,
these filters being of the general character
desrribed in the patents to Campbell afore-
mentioned, and being so designed as to trans-
mit a runge of frequencies, for example from
3,000 to 5,000 cycles. which, it will be noted,
corresponds to the freguencies used in trana-
mitting from the ¢rapsmitting chanuel T,
of IFig. 1. The corresponding repeater WA,
for repeating in the opposite direction, 18
likewise provided with filters WI°, and
W, of the same general type, but in this
inwtance the range of frequencies transmitted
is itlustrated as being from 23,000 to 25000
cveles, corresponding 1o the range of fre-
(lpwm'les assigned to the receiving cireuit
:1., of Fig. 1. Similar filters are provided
for all of the other one-way repeaters, as
inilicated, and in each instance the frequency
range ot the filters will correspond to the
{roquency vange of a corresponding trans-
mitting or receiving channel at the station
of Fig. 1. -

The line ML’
i carrier apparatus similar to that shown
in Fig. 1. but for simplicity of illustration
the carvier apparatils at the other station is
not illustrated, as it is not necessary fer a

will, of course, terminate.
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complete understanding of the invention.
The operation is as follows:

Signals incoming from the line I, are
transmitted to the transmicting channel TL,,
through the transformer 11, modulating the
carrier fréquency of 5,000 cycles by means
M,. The modulated fre-

uencies are transmitted through the filter

F,, amplified by the amplifier TA, and
then passed through the filter TF,” to the
common transmitting circuit TL. At the
same time similar operations Inay take place
with respeét to the circuits L, L, a,ng L,
The several modulated frequencies are now

L and are transmitted to
apparatus of Fig. 9. The
modulated frequencies incoming from the
transmitting channel , are selected by
means of the filter KF,, amplified by the am-
plifier EA, and then  passed through the
“filter EF,’ to the main .line ML/, In a
similar marmer the modulated frequencies
from the other transmitting channels are

the main line
the repeater

the amplifiers EA,, EA, and EA,.
Signals from the distant station (not
shown) associated with the main Jine. ML/
are translated into frequencies lying in a
range from 23,000 to- 40,000 cycles and are
transmitted over the mmain line ML/ to the
repeater apparatus of Fig, 2. Modulated
currents corresponding to one transmitting
nt station are passed
by the filter WF,, amplified by the amplifier
WA, and passed throu
for transmission over the main line ML;
other frequencies pass thmlifh the circuits
' WA,. Upon
arriving at the station of Fig. 1 the several
frequencies are transmitted - through the
transformer 21 to the receiving circait RL,,
from which they are se arated through the
filters RF,, RF, etc., oP the receiving than-
nels, The _moéulated frequencies. between

the detector D, and are thereby translated
into low frequency signals which are am-
plified by the amplifier RA, and passed
through the low pass filtér RF,’ to the line
L,.  The operations in connection with the
1annels RL,, RL, and RL, are
-similar o those taking place in connection
with the receiving channel RL,. '

Since the frequencies

in one direction lie within an ‘entirely differ-

ent range from those used for transmitting

in.the opposite direction,

use of a properly designed repeater, to am-

plify all of the frequencies transmitted in

one direction, by means of a common am-

plifying arrangement. Fig. 8 illustrates an

jarrangement for this purpose. . In this in-
stance the transmission line ML is assodiated

with the transmission line ML’ through an

h the transformer 20 upon -

'mcomu]lf,
3

lified by the circuits of !
23,000 and’ 40,000 cycles,

h the filter WF,”"

are impressed upon.

‘than those shown may be used,

used in transmitting

it is possible, by

8

amplifier EA for transmitting ffom wost to
eust and an amplifier WA for transniitting
from east to west. The amplifier EA com?
prises four vacuum tubes 31 and 32, 3% and

34, arranged in a so-called “push-pull” ¢ir-
cuit, so that distortion is wactically elimi-
nated. The principles of the pushi-pull type

of repeater are well understood and need not
be herein describe. Repeater WA’ simi-
larly comprises amplifying tubes 35, 36, 37
and 38, and is similar in gl respects to the
repeater EA.

In order to provide proper frequency

_separation between the repeaters, filters Efr

and EF’ are associated with the input and
output circuits of the amplifier EA
and filters WF . and WE’  are simi-
larly associated with the amplifier WA,
The- filters EF and EF’ are arranged
to transmit frequencies between 3,000 and
20,000 cycles, so that all of the fre

i ing from transmitting channels TL,,

TL,, TL, and TL, of Fig. 1 may be passed

to thé»amfn‘liﬁer EA and amplified thereby. -
H

Filters WF and WF’ have a range between
so that all of the
frequencies transmitted in the opposite di-
rection to the receiving channels L, RL,,
RL,, and RL, of Fig. I .are amplified by the
filter WA, , :

The operation of the arrangement shown
in Figs. 1 and 8 will be obvious and need

not be further described. It will be seen

70

75

80

85
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e

80

95

that no arrangement for balancing the trans- .

mission line sections ig provided .in.con-
nection with the repeater arrangement of

ig. 3, since the frequency. separation
due to the filters is sufficient to prevent singe-
ing over the circuit including the repeaters
EA and WA in series. The same statement,
applies to the repester arrangements of F
2, in which all of the repeater circiiits are
separated by means of

two repeaters in series,

It will be understood that the frequiencies’
are for purposes of illus--

disclosed herein
tration merely and that -other frequencies

d, if %esi ed.
It will be also understood that the signaling

channels shown

Fig."

100

10;

v lters, so that no.
singeing circuit can be formed through any

1K

113

may be utilized: for the -

transmission of signals of any desired char- .

acter althoth, as illustrated, the channels
are primarily designed for multiplex tele-
phone transmission. -  * : ’

: It will also
principles herein disclosed may be embodied
In many other organizations widely differ-
ent from those il ustrated, without depart-

Ang from the spirit of the invention ag de-

fined in the following claims.
What is claimed is:
L. In a signalin

line, means for simultaneously trangmitfing’

over ‘$aid line in one, direetion & plurality

be obvious that the 'iene’mﬂ .

120

126

g system, a transmission®z
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Tine a plutality

“ofthe other repeater,

4

of signals by means of currents of different
frequencies, nieans for simuliancousty trans-
nitting in the opposite direetion over gaid
of signals by means of cur-
vents of o phoality of other frequencies, a
common repeater in said line for amplify-
ing all of the frequencies Cransmitted in one
divection, and a seco 4 eommon repeater for
amplifyvige  all”of the frvqllmu-ios frans-
mitted id the opposite direction. '
v, In a signaling system. a transmission
line, means for sinnianeously (ransmitting
in one- difeetion over said hne a plirality
of signals by meusis of currents of a plu-
rality of frequencies lying within one fre-
qUeneY  range, means’ fpr simultaneously
transinitiing in the opposite direction over
said line a plurality of signals by means of
currents of different frequencies tying with-
in anothei frequency ragge. i one-way re-
peater apparatus for amplifring currents
teansmitied over said line in one divection,
o second one-way repeater apparatus for
amplifving curvents transmitted over said
line in the opposite direction, o broad band
wave filter associated with said first men-
tioned repeating apparatus for freely trans;
mitting to the repeater ;

within . said . first nientioned range. while

substantially suppressing frequencies lying.

without said ranve, and a'second broad band
wive filier ascociated with said sceond men-
tioned repeating apparatus for freely trans-
mitting thereto frequiencies lying withiin said
second. mentiohed frequency  range, while
substantially preventing:the ‘transmission of
frequencies’ lying without said vange.

3. Tn a sienaling system, in Which signals:

are transmitted in opposite directions by
means of currents of different: {regnencies,
a repeater apparatus comprising one-way
vepeaters for repeating, oppositely divected

transmissions. the inpuf and output circuits-

of said onc-way Tepeaters heing so’ asso-
ciated with each other and with the trans-
mission medinm of the system that energy
miav be frecly transmitted from the output
civenit. of ope-vepeater to: the input circiit
and means associated
with, each- oncavay repeater for preventing
the transmission thereto of cnergy of fre:

gquengies used Tor the transmission of signdls.

i the direction in shich the other vepeater
amplifies. - o

4. T w, signaling system. a transmission:”

‘Hae, means for <imnltancously transmitting

over said Jine in one diveetion a l\»ﬂ_'uiit,\‘
of signals Dy means of curvents’of a plu
ralify of froquencies lvinge within one fre-
(UENEY - Fanie, - Means for  simultancously
transtuittine over said Tive i the apposite
diveetion a. plurality, of sigmals by means of
a plurality of -currents” of different
queneios lying within another: and énbir

It

diffevesnt froqieney rdnge. repeat g -appi-

“ quencies lyin

wpeater in said line
“frequencies lymg

1,481,881

ratus in said line tor amplifying currents -

within the one frequency range, and snother
repeating apparatus. for transmittisig cur-
rents lying  within' the other frequency
range. ) ST ‘ ,
5. In a sigpaling system, s transimission
line. means for simultancously transmitting
over said line a plurality of signals by
menns of currents of a plurality of fre-
within bne frequency range, .
means for simultanecusly transmitting mn
the opposite direction over said line; a plu:
rality of signals by means of currents of
different frequencies lying within another
and- entirely different” frequency renge, a
wommon repeater for amplifying ull of the
frequencies within the first méftioned range,
and another common repeater for ampli-’
fving all of the frequencies within the sec-
ond range. __— i : ‘
6. In ‘s signaling system a -transmission
line. means for transmittiug one range of
frequencies over snid line in one direction,
nicans for transmitting another and entirely
different range of frequencies over said line
in the opposite direction; a two-way ‘Te-
comprising a-eircuit for
transmission. in .one direction, and another
circuit for transmission in the opposite di-
rection: an amplifier in cach cireuit, and se-
lective means in one of said circnits on‘each
side of the amplifice therein, for passing
the range of frequencies used in transmit--
ting in one direction, and’ selective ‘means
in the other civcuit on cach side of the
amplifier therein, for sele-ting the range of
frequencies nsed in (ransmitting. in-the.op-.
pasite divection. - 0 Lo
7. Tn a signaling svstem a transmission
line, means for transmitting one range of*
frequencies. over: saidline in one direction.
menns for transmitting another and entively
different range of frequencies over said Tine
in the opposite direction: a two-way res
peater-in said line. said repeater . compris-

ing a cirenit for- transmission. in’ one di:
rection. and another -cir-yit. for fransmis-

siva i the opposite ‘
fier'in cgch civenit: a bund filter on-each
side ¢f the amplifier in one. eirvenif, for:pass-

ing the range,of frequencies transniitted in

T

™

80

o
100

105

110. -

direction: an. ampli- .

116

one direction and suppressing the range of. -

Trequencics t'!'zm_siflf_ul-‘d in the opposite di~
rection, and a Land flter on ecach gide of the
amplifier in the other @it for fieely

transmifting the range of, frequencies trans:
te direction.. and for

mitted i thé opposi ;

S

120

suppressing the - frequencies. transmitted i

the fiest divection.. . . . .. N e

&, Tua signaling systény, transmission Jine
sections, olje-way -
tween said.li

128

franzmission - paths Be,
ine sectiofis. means for so inter- <«

copneeting. the ends of anid paths and said.

line =cctions that transmission _may take
pliee feonr one path to th other upon the e

" B
i K
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transmission of energy over one of said
puths to w line section, frequency selective
means to limit to one of said paths a range
of frequencies transmitied in one direction
over said ling sections, and frequency selec-
tive means to limit to the other path an-
other and entirely different range of fre-
quencies transmitled in the opposite direc-
tion over said lines.

9. In a sigraling system, transmission line
sections, one-way transmissiop paths be-
tween said line sections, means for so inter-
connecting the ends of said paths and said

~line sections that transmission may take

18

20

26

30

35

40

. arrangements to

15.

place from one path to the other upon the
transmission of energy over one of said
paths to a line section, a band filter arrange-
ment associated with one of said paths and
having a range of free transmission such
that frequencies transmitted over said line
sections in one direction will be passed into
said path to the exclusion of the other path,
and a band filter arrangement associatec-
with the other path and having a different,
range of free transmission such that, fre-
quencies transmitted over said line .sections

in the opposite direction will he trapsmitted

over said paths to the exclusion of said first
mentioned path. S

10. In a signaling system, transmission
line sections over which a plurality of sig-
nals may be simultaneously transmitted jn
both directions, a circujt arrangement asso-
ciated with said line sections for transmis-
sion in one direction, another circuit ar-
rangement associated with said line sections
for transmission in the ‘opposite direction,

‘means for so intercohnecting said circuit ar-

rangements with said line sections that
trausmission may take place from one cir-
cuit arrangement to the other upon the trans-
mission of energy over one of sajd direnit
o line sectiun, means for
selecting into one of said circnit arrange-
ments a plurality of signals transmitted over
said line sections in one direction, and pre-
venting transmission over said dircuit ap-

- rangement. of signals transmitted ir the op-

posite direction, and means associated with
the other circuit arrangement Jor sclecting
into the said circuit arrangement-a plurality
of signals transmitted in the opposite direc-
tion, while preventing the transmission over

said cireuit arrangenient. of signals trans-

mitted in the said first direction.
11. In a signaling " system, {ransmission
line sections, one-way transmission paths be-

- tween said line sections, means for so inter-

60 I
- Flace from one path to

- -each of said: paths, selective means

coninecting the ends of said paths and said
line . sections " that .. transmission may “talke
the ofher upon tu..
over one of said
one-way repeaters in
in one of

wherehy frequencies transmitted

[Iransmission “of “energy
Paths to a lirie section,

$eid paths

8

over said line sections in one direction swill
pass over said path to the exclusion of thie
other path, and selective means in the ather
path whereby frequencies transnitted over
suid line séction in the apposile direction
will pass over suid path (o (he exclusion of
suid first mentioned path. .

120 In o signaling systeny, Cransmission
line sections, one-way transimission paths be-
tween said line sections, means for so inter
connecting the ends of said paths and said
line sections that transmission may take
place from one path to the other upon the
transmission of energy over one of sajd
Paths to a line section, one-wity repeaters in
each- path, selective devices in one of said
paths on each side of gaid repeater whereby
frequencies transmitted ovey said line sec-

tions in one direction will -pass over said .

.path to the exclusion of the other path, and
selective means in the other path on each
side of the repeater thercin whereby fre-
‘qriencies transmitted over said line sections
in the opposite direction will pass over said

path to the exclusion of said first mentioned -

path. .

i3. In a signaling system, transmission
line sections, one-way transmission paths be-
tween said line sections, means for so inter-
connecting the ends of said paths and said
line sections that transmission may take
Place from one path to the other upon the
transmission of energy over one of said

paths to a line section, one=way repeaters in .

each of said paths and band flters in ‘one
of said paths whereby frequencies trans-
mitted over said line sections in one diree-
tion will pass over said path to the exclusion
of the other path, and band flters in the
other path wherehy frequencies transmitted
‘over said line sections in the opposite direc-
tion will pass over said path to the exclusion
of said first mentioned path.

14. In a signaling systein, transmission
line sections, one-way transmission paths be-
tween said line sections. means for so inter-
connecting the ends of said paths and said
line sections that transmission may take
place from one path to the other
transmission of energy over one ¢f said
paths to a line section one-way repeaters in
cach path. band filters in one of said paths
on each side. of said repeater whereby fre.

f(uencies transmitted over said line goctions -

'in one direction -will Pass over said path to
the exclusion of the other path, and band
filters in the other path on each side of the
repeater therein whereby frequencies trans-
_mitted over said line sections i the oppo-
site direction will pass,over spid path to the
exclusion of said’ first mentioned path. - -
‘15. In & signaling systemn, 'a. transmission
line section adapted to transmit 8 plurality
of carrier channels in.each direction, one-
Way {ransmission paths, means for so inter-

3
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connecting 1the ends of said paths and said
fine section that (ransmission may take place
from one path o the other upon the trans-
massion of encrgy over one of saild paths to
sati line seetion, requency selective medns
te limnitl (o one of said paths a range of fre-
quencies corvesponding to a_ plarality of
ll)rlIlll(‘l\ 1 l’l'\“l]“l”” in [HIT dlrw ‘,l(b" over
wid e seetion. il frequency  selective

means to lumt to the other path another i
range of frequencies corresponding to a plu-
mlny of channels tranmitting in the oppo-
site direction over said line section.

In testimony wherveof, I have signed my
name (6 this specification this 19t day of 1
September, 1919.

CHARLES 5. DEMAREST.



